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(54) Photosensor structure 

(57) A multiple-photosensor structure. The multiple- 
photosensor structure Includes a substrate [200]. A first 
photosensor is formed adjacent to the substrate [200]. A 
first pixel electrode of the first photosensor is electrically 
connected to the substrate [200]. A first transparent 
conductive layer [240] is formed adjacent to the first 
photosensor. The first transparent conductive layer 
[240] electrically connects a first outer electrode of the 
first photosensor to the substrate [200]. A second pho- 
tosensor is adjacent to the first transparent conductive 
layer [240]. A second pixel electrode of the second pho- 
tosensor is electrically connected to the substrate 
through the first transparent conductive layer [240]. A 
second transparent conductive layer [258] is adjacent to 



the second photosensor. The second transparent con- 
ductive layer [258] electrically connects a second outer 
electrode of the second photosensor to the substrate 
[200]. The multiple-photosensor structure can further 
include a third photosensor formed adjacent to the sec- 
ond transparent conductive layer [258]. A third pixel 
electrode of the third photosensor Is electrically con- 
nected to the substrate [200] through the second trans- 
parent conductive layer [258]. A third transparent 
conductive layer [268] is formed adjacent to the third 
photosensor. The third transparent conductive layer 
[268] electrically connects a third outer electrode of the 
third photosensor to the substrate [200]. 
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Description 

[0001] The present invention relates to a muttiple- 
photosensor structure. In particular, it relates to a 
stacked multiple active pixel photo sensor that includes 
independent electrical connections to each photosen- 
sor, allowing multiple color detection. 
[0002] An array of photo pixel sensors detect the 
intensity of light received by the photo pixel sensors. 
The photo pixel sensors typically generate electronic 
signals that have amplitudes that are proportionate to 
the intensity of the light received by the photo pixel sen- 
sors. The photo pixel sensors can convert an optical 
image into a set of electronic signals. The electronic sig- 
nals may represent Intensities of colors of light received 
by the photo pixel sensors. The electronic signals can 
be conditioned and sampled to allow image processing. 
[0003] Integration of the photo pixel sensors with 
signal processing circuitry is becoming more Important 
because Integration enables miniaturization and simpli- 
fication of imaging systems. Integration of photo pixel 
sensors along with analog and digital signal processing 
circuitry allows electronic Imaging systems to be low 
cost, compact and require low power. 
[0004] Historically, photo pixel sensors have pre- 
dominantly been charged coupled devices (CCDs). 
CCDs are relatively small and can provide a high-fill fac- 
tor. However, CCDs are very difficult to integrate with 
digital and analog circuitry. Further, CCDs dissipate 
large amounts of power and suffer from image smearing 
problems. 

[0005] An alternative to CCD sensors are active 
pixel sensors. Active pixel sensors can be fabricated 
using standard CMOS processes. Therefore, active 
pixel sensors can easily be integrated with digital and 
analog signal processing circuitry. Further, CMOS cir- 
cuits dissipate small amounts of power. 
[0006] Figure t shows a prior art array of active 
pixel sensors. An array of sensors 12 are formed over a 
substrate 1 0. An array of color filters 14 is formed over 
the array of sensors 12. Light passes through the color 
filters 1 4 and is received by the array of sensors 1 2. The 
sensors 12 typically conduct charge at a rate that is pro- 
portional to the intensity of the light received by the sen- 
sors 12. Circuitry located on the substrate 10 provides 
determination of the amount of charge conducted by the 
sensors 12. Therefore, the sensors 12 provide detection 
of the intensity of the received light. 
[0007] The array of color filters 14 includes filters 
which pass different wavelengths of light. For example, 
the array of color filters 14 can Include blue light, green 
light and red light filters. The blue light filters only 
passes blue light the green fight filters only passes 
green light and the red light filters only pass red light 
Generally, each sensor of the array of sensors 12 corre- 
sponds with a single color filter of the array of color fil- 
ters 14. Color detection can be obtained by knowing 
which sensor corresponds with which type of color filter. 



[0008] The active pixel sensor array of Figure 1 is 
inefficient because up to 70% of the photons within the 
received light are lost during the filtering process. That 
is, the color filters 14 attenuate the intensity of the light 

5 received by the array of sensors 1 2. Removing the color 
filters 14 increases the Intensity of light received by the 
array of sensors 12. As a result, the color fitters 14 
reduce the signal to noise ratio of the electronic signals 
generated by the array of sensors 12. 

10 [0009] The active pixel sensor array of Figure 1 
requires demosalcing. Each sensor of the array of sen- 
sors 1 2 detects the intensity of a particular color of light. 
Each sensor Is physically displaced from all of the other 
sensors of the array of sensors 12. Therefore, special 

15 image processing (demosalcing) is required for determi- 
nation of a representation of the color intensity received 
by the array of sensors 12 at each particular pixel loca- 
tion. 

[0010] It is desirable to have an array of active pixel 

20 sensors which provide efficient absorption of photons 
within light received by the array of active pixel sensors, 
and be able to detect the color of received light It is also 
desirable that the array of active pixel sensors be man- 
ufacturable without an array of color fitters and not 

25 require demosalcing. 

[0011] The present invention is a color detection 
active pixel-sensor which provides efficient absorption 
of photons of light received by the color active detection 
pixel sensor while providing detection of the color of the 

30 received light The color detection is accomplished with- 
out color filters and does not require demosalcing. 
[0012] A first embodiment of the invention includes 
a multiple-photosensor structure. The multiple-photo- 
sensor structure includes a substrate. A first photosen- 

35 sor Is formed adjacent to the substrate. A first pixel 
electrode of the first photosensor is electrically con- 
nected to the substrate. A first transparent conductive 
layer is formed adjacent to the first photosensor. The 
first transparent conductive layer electrically connects a 

40 first outer electrode of the first photosensor to the sub- 
strate. A second photosensor is adjacent to the first 
transparent conductive layer. A second pixel electrode 
of the second photosensor is electrically connected to 
the substrate through the first transparent conductive 

45 layer. A second transparent conductive layer is adjacent 
to the second photosensor. The second transparent 
conductive layer electrically connects a second outer 
electrode of the second photosensor to the substrate. 
[0013] A second embodiment of the invention is 

so similar to the first embodiment. The second embodi- 
ment includes a third photosensor formed adjacent to 
the second transparent conductive layer. A third pixel 
electrode of the third photosensor Is electrically con- 
nected to the substrate through the second transparent 

55 conductive layer. A third transparent conductive layer is 
formed adjacent to the third photosensor. The third 
transparent conductive layer electrically connects a 
third outer electrode of the third photosensor to the sub- 
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strate. 

[001 4] A third embodiment of the invention is simiiar 
to the first embodiment. The third embodiment includes 
the first photosensor detecting a first range of wave- 
lengths of light. 

[001 5] A fourth embodiment of the invention is sim- 
ilar to the first embodiment The fourth embodiment 
includes the second photosensor detecting a second 
range of wavelengths of light 

[001 6] A fifth embodiment of the invention is similar 
to the second embodiment The fifth embodiment 
includes the third photosensor detecting a third range of 
wavelengths of light 

[0017] Other aspects and advantages of the 
present invention will become apparent from the follow- 
ing detailed description, taken in conjunction with the 
accompanying drawings, illustrating preferred embodi- 
ments of the invention. 

Figure 1 shows a cross-section of a prior art array 
of photosensors. 

Figure 2 shows an embodiment of the invention. 

Figure 3 shows another embodiment of the inven- 
tion. 

Figure 4 shows another embodiment of the inven- 
tion. 

Figure 5 is a curve which depicts the relationship 
between the thickness of an Mayer of a PIN photo- 
sensor and the wavelength of light absorbed by the 
Mayer. 

Figure 6 is a flow chart which shows processing 
steps which can be used to form the embodiment of 
the Invention shown In Figure 2. 

Figure 7 is a flow chart which shows another set of 
processing steps which can be used to form the 
embodiment of the invention shown in Figure 2. 

Figure 8 is a flow chart which shows processing 
steps which can be used to form the embodiment of 
the invention shown in Figure 3. 

[0018] As shown in the drawings for purposes of 
illustration, the invention is embodied in a color detec- 
tion active pixel sensor which provides efficient absorp- 
tion of photons of light received by the color active 
detection pixel sensor while providing detection of the 
color of the received light The color detection is accom- 
plished without color filters and does not require demo- 
saicing. 

[001 9] Figure 2 shows an embodiment of the inven- 
tion. The embodiment includes a substrate 200. An 
interconnection layer 21 0 is formed adjacent to the sub- 



strate 200. A first photosensor including a first pixel 
electrode 222, a first Mayer 224 and an outer layer 226 
is formed adjacent to the interconnection layer 21 0. The 
interconnection layer 210 Includes a first conductive 
5 interconnect 230 which electrically connects the first 
pixel electrode 222 of the first photosensor to the sub- 
strate 200. A first transparent conductor 240 electrically 
connects a first outer pixel electrode of the first photo- 
sensor to the substrate 200 through a second conduc- 
ts tive Interconnect 250. The first pixel electrode 222 
typically includes an inner metal section 228. 
[0020] The embodiment further includes a second 
photosensor. The second photosensor includes a sec- 
ond pixel electrode 252, a second Mayer 254 and a sec- 
ts ond outer layer 256. The second photosensor is formed 
adjacent to the first transparent conductor 240. The first 
transparent conductor 240 electricaliy connects the sec- 
ond pixel electrode 252 of the second photosensor to 
the substrate 200. A second transparent conductor 258 
20 electrically connects a second outer pixel electrode of 
the second photosensor to the substrate 200 through a 
third conductive interconnect 260. 
[0021] The embodiment can also Include a third 
photosensor. The third photosensor includes a third 
25 pixel electrode 262, a third Mayer 264 and a third outer 
layer 266. The third photosensor is formed adjacent to 
the second transparent conductor 258. The second 
transparent conductor 258 electrically connects the 
third pixel electrode 262 of the third photosensor to the 
30 substrate 200. A third transparent conductor 268 electri- 
cally connects a third outer electrode of the third photo- 
sensor to the substrate 200 through a fourth conductive 
interconnect 270. 

[0022] Insulating regions 280 are generally 
35 included between each of the photosensors. The insu- 
lating regions provide isolation between the first photo- 
sensor, the second photosensor and the third 
photosensor. 

[0023] The photosensors conduct charge when the 
40 photosensors receive light The substrate 200 generally 
Includes sense circuitry and signal processing circuitry. 
The sense circuitry senses how much charge the image 
sensors have conducted. The amount of charge con- 
ducted represents the intensity of light received by the 
45 image sensors. Generally, the substrate 200 can be 
CMOS (complementary metal oxide silicon), BICMOS 
or Bipolar. The substrate 200 can Include various types 
of substrate technology Including charged coupled 
devices. 

so [0024] Typically, the Interconnection layer 210 is a 
standard Interconnection structure. The structure and 
methods of forming this interconnection layer 210 are 
well known in the field of electronic integrated circuit 
fabrication. The interconnection layer 210 can be a sub- 

55 tractive metal structure, or a single or dual damascene 
structure. 

[0025] The conductive interconnects 230, 240, 250 
pass through the interconnection layer 210 and electrl- 
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cally connect the pixel electrodes 222, 252, 262 to the 
substrate 200. The fourth conductive interconnect 270 
provides a reliable electrical connection between the 
third transparent conductor 268 and the substrate 200. 
Typically, the conductive interconnects 230, 240, 250, 
270 are formed from tungsten. Tlingsten is generally 
used during fabrication because tungsten can fill high 
aspect ratio holes. That is, tungsten can be used to form 
narrow and relatively long interconnections. Typically, 
the conductive interconnects 230, 240, 250, 270 are 
formed using a chemical vapor deposition (CVD) proc- 
ess. Other materials which can be used to form the con- 
ductive interconnects 230, 240, 250, 270 include 
copper, aluminum or any other electrically conductive 
material. 

[0026] The inner metal section 228 should Include a 
thin conductive material. The inner metal section 228 
may be formed, for example, from a degenerately doped 
semiconductor layer, aluminum, titanium, titanium 
nitride, copper or tungsten. The inner metal section 228 
should be thin (approximately 500 Angstroms) and 
smooth. The inner metal section 228 should be smooth 
enough that any surface roughness is substantially less 
than the thickness of the first pixel electrode 222 formed 
over the inner metal section 228. To satisfy the smooth- 
ness requirement, polishing of the inner metal section 
228 may be required. 

[0027] The inner metal section 228 can be optional. 
However, the inner metal section 228 has a lower resist- 
ance than the materials used to form the first pixel elec- 
trode 222. Therefore, the inner metal section 228 
provides better current collection. 
[0028] The pixel electrodes 222, 252, 262 are gen- 
erally formed from a doped semiconductor. The doped 
semiconductor can be an N-iayerof amorphous silicon. 
The pixel electrodes 222, 252, 262 must be thick 
enough, and doped heavily enough that the pixel elec- 
trodes 222, 252, 262 do not fully deplete when biased 
during operation. The pixel electrodes 222, 252, 262 are 
typically doped with phosphorous. 
[0029] The pixel electrodes 222, 252, 262 are typi- 
cally deposited using plasma etched chemical vapor 
deposition (PECVD). A silicon containing gas (such as 
S1 2 H 6 or S1H 4 ) is included when forming amorphous sil- 
icon pixel electrodes. When forming N-layer pixel elec- 
trodes, the PECVD process is performed with a 
phosphorous containing gas (such as PH 3 ). 
[0030] An N-layer of amorphous silicon is typically 
used when forming PIN image photosensors. However, 
the image photosensors can include an NIP sensor con- 
figuration. In this case, the pixel electrodes 222, 252, 
262 are formed from a P-layer, and the outer layer sec- 
tions 226,256, 266 of Figure 2 are replaced with N-layer 
sections. Alternatively, the first photosensor, the second 
photosensor and the third photosensor can each 
include different sensor configurations. For example, 
the first photosensor could be a PIN image photosensor 
and the second photosensor could be an NIP photosen- 



sor. 

[0031] The Mayer sections 224, 254, 264 are gen- 
erally formed from hydrogenated amorphous silicon. 
The Mayer sections 224, 254, 264 can be deposited 

5 using a PECVD process or a reactive sputtering proc- 
ess. The PECVD process must Include a silicon con- 
taining gas. The deposition should be at a low enough 
temperature that hydrogen is retained within the film. 
The Mayer sections 224, 254, 264 typically on the order 

10 of one micron thick. 

[0032] The outer layer sections 226, 256, 266 are 
generally P-layers formed from amorphous silicon. Typ- 
ically, the outer layer sections 226, 256, 266 are doped 
with Boron. 

15 [0033] The outer layer sections 226, 256, 266 can 
deposited using a PECVD process. The PECVD proc- 
ess is performed with a Boron containing gas. The 
Boron containing gas can be B 2 H 6 . A silicon containing 
gas is Included when forming amorphous silicon P-layer 

20 outer layer sections 226, 256, 266. The thickness of the 
outer layer sections 226, 256, 266 must generally be 
controlled to ensure that the outer layer sections 226, 
256, 266 do not absorb too much short wavelength 
(blue) light The outer layer sections 226, 256, 266 can 

25 be made from microcrystalllne silicon to provide the 
photosensors with better light collection. 
[0034] Another embodiment of the invention does 
not include outer layer sections 226, 256, 266. The 
outer layer sections 226, 256, 266 can be eliminated 

30 with proper selection of the composition of the material 
within the transparent conductors 240, 258, 268, and 
proper selection of the doping levels of the pixel elec- 
trodes 222, 252, 262. For this embodiment, the trans- 
parent conductors 240, 258, 268 provide a conductive 

35 connection between a top surface of the Mayer sections 
224, 254, 264 of the Image sensors and the intercon- 
nection layer 210. 

[0035] Another embodiment of the Invention does 
not include pixel electrodes 222, 252, 262. The pixel 

40 electrodes 222, 252, 262 can be eliminated with proper 
selection of the doping levels of the outer layer sections 
226, 256, 266. For this embodiment, the transparent 
conductors 240, 258, 266 provide a conductive connec- 
tion between a top surface of the outer layer sections 

45 226, 256, 266 of the image sensors and the intercon- 
nection layer 210. 

[0036] The insulating regions 280 provide isolation 
between the stacked image sensors formed by the pixel 
electrodes 222, 252, 262, the Mayer sections 224, 254, 

so 264 and the outer layer sections 226, 256, 266. That Is, 
the Insulating regions 280 provide isolation between the 
stacked image sensors. The insulating regions 280 are 
typically formed from Si0 2 , S13N4 or a combination of 
Si0 2 and Si 3 N 4 . 

55 [0037] As previously described, the pixel electrodes 
222, 252, 262, the Mayer sections 224, 254, 264 and 
the outer layer sections 226, 256, 266 are generally 
formed from amorphous silicon. However, the pixel 
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electrodes 222, 252, 262, the Mayer sections 224, 254, 
264 and the outer layer sections 226, 256, 266 can also 
be formed from amorphous carbon, amorphous silicon 
carbide, amorphous germanium, or amorphous silicon- 
germanium. It should be understood that this list is not 
exhaustive. 

[0038] The transparent conductors 240, 258, 268 
provide conductive connections between the outer layer 
sections 226, 256, 266 and the interconnection layer 
210. Light must pass through the transparent conduc- 
tors 240, 258, 268 which Is received by the image sen- 
sors. Generally, the transparent conductors 240, 258, 
268 are formed from an indium tin oxide. However, the 
transparent conductors 240, 258, 268 can also be 
formed from titanium nitride, thin sllicide, or certain 
types of transition metal nitrides or oxides. 
[0039] Both the selection of the type of material to 
be used within the transparent conductors 240, 258, 
268, and the determination of the desired thickness of 
the transparent conductors 240, 258, 268, are based 
upon minimizing the optical reflection of light received 
by the image sensor. Minimization of the reflection of 
light received by the image sensor helps to optimize the 
amount of light detected by the image sensor. 
[0040] The transparent conductors 240, 258, 268 
can be deposited by a sputtering process. Deposition 
through sputtering is well known in the art of Integrated 
circuit fabrication. 

[0041] Figure 3 shows another embodiment of the 
invention. This embodiment is similar to the embodi- 
ment of Figure 2, but includes structural differences due 
to differences in the processes used to form the embod- 
iments. For the embodiment shown In Figure 3, the 
outer layer 226 extends underneath the first transparent 
conductor 240, the second outer layer 256 extends 
underneath the second transparent conductor 258 and 
the third outer layer 266 extends underneath the third 
transparent conductor 268. The embodiment of Figure 3 
includes the edges of the first outer electrode aligning 
with edges of the first transparent conductive layer. It is 
not required that each of the photosensor include this 
structure. 

[0042]' Figure 4 shows another embodiment of the 
invention. This embodiment is similar to the embodi- 
ments of Figure 2 and Figure 3. This embodiment 
includes the first transparent conductive layer being 
divided into a inner first transparent conductive layer 
430 and an outer first transparent conductive layer 442. 
The second transparent conductive layer Is divided into 
an inner second transparent conductive layer 450 and 
an outer second transparent conductive layer 462. A 
first insulating layer 434 is located between the inner 
first transparent conductive layer 430 and the outer first 
transparent conductive layer 442. A second insulating 
layer 454 is located between the inner second transpar- 
ent conductive layer 450 and the outer second transpar- 
ent conductive layer 462. Either the first insulating layer 
434 or the second insulating layer 454 can be elimi- 



nated. 

[0043] Similar to the embodiments of Figure 2 and 
Figure 3, a first photosensor including a first pixel elec- 
trode 422, a first Mayer 424 and an outer layer 426 is 

5 formed adjacent to the interconnection layer 21 0. The 
interconnection layer 210 includes a first conductive 
interconnect 420 which electrically connects the first 
pixel electrode 422 of the first photosensor to the sub- 
strate 200. The inner first transparent conductive layer 

w 430 electrically connects a first outer pixel electrode of 
the first photosensor to the substrate 200 through a sec- 
ond conductive Interconnect 432. The first pixel elec- 
trode 422 typically includes an inner metal section 428. 
[0044] This embodiment also includes a second 

is photosensor. The second photosensor Includes a sec- 
ond pixel electrode 444, a second Mayer 446 and a sec- 
ond outer layer 448. Ther second photosensor is formed 
adjacent to the outer first transparent conductive layer 
442. The outer first transparent conductive layer 442 

20 electrically connects the second pixel electrode 444 of 
the second photosensor to the substrate 200 through a 
third conductive interconnect 440. The inner second 
transparent conductive layer 450 electrically connects a 
second outer pixel electrode of the second photosensor 

25 to the substrate 200 through a fourth conductive inter- 
connect 452. 

[0045] The embodiment can- also include a third 
photosensor. The third photosensor includes a third 
pixel electrode 464, a third Mayer 466 and a third outer 

30 layer 468. The third photosensor is formed adjacent to 
the outer second transparent conductive layer 462; The 
outer second transparent conductive layer 462 electri- 
cally connects the third pixel electrode 464 of the third 
photosensor to the substrate 200 through a fifth conduc- 

35 tlve interconnect 460. A third transparent conductor 470 
electrically connects a third outer electrode of the third 
photosensor to the substrate 200 through a sixth con- 
ductive Interconnect 472. 

[0046] Insulating regions 480 are generally 
40 Included between each of the photosensors. The Insu- 
lating regions provide isolation between the first photo- 
sensor, the second photosensor and the third 
photosensor. The insulating regions 480, the first insu- 
lating layer 434 and the second insulating layer 454, can 
45 each be formed from the same or different types of die- 
lectrics. 

[0047] Dividing the first transparent conductive 
layer Into the inner first transparent conductive layer 430 
and the outer first transparent conductive layer 442, and 

so dividing the second transparent conductive layer into 
the inner second transparent conductive layer 450 and 
the outer second transparent conductive layer 462, 
allows the first pixel electrode, the first outer electrode, 
the second pixel electrode, the second outer electrode, 

55 the third pixel electrode and the third outer electrode to 
be individually biased. The first insulating layer 434 pro- 
vides insulation between the inner first transparent con- 
ductive layer 430 and the outer first transparent 
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conductive layer 442. The second insulating layer 454 
provides insulation between the inner second transpar- 
ent conductive layer 450 and the outer second transpar- 
ent conductive layer 462. 

[0048] When reverse biased, each photosensor of 
the embodiments described in Figure 2, Figure 3 and 
Figure 4 conducts charge when the photosensor 
receives light Each photosensor can be formed to 
detect varying wavelengths of light depending upon the 
structure of the photosensor. In particular, the thickness 
of the l-layer of each photosensor can be adjusted to 
vary the wavelengths of light detectable by the photo- 
sensor. A charge sensor can be connected to the outer 
electrode of each of the photosensors of the invention to 
measure the charge conducted by each photosensor, 
and therefore, determine the intensity of light received 
by each photosensor. The circuitry required to detect 
the charge conducted by a photosensor is well known in 
the art of electronics. The circuitry required to detect the 
charge conducted by each photosensor can be located 
on the substrate 200. 

[0049] The light absorption characteristics of a par- 
ticular photosensor is dependent upon an absorption 
length LO associated with the photosensor. The absorp- 
tion length LO is a constant which is generally unique for 
a particular material. The absorption length LO of a 
given material will typically vary depending upon the 
wavelength of the light being receive by the photosen- 
sor. 

[0050] Figure 5 is a plot which depicts the absorp- 
tion length LO of amorphous silicon for wavelengths of 
light varying from 4000 Angstroms to about 7000 Ang- 
stroms. Material other than amorphous silicon can be 
used to form the photosensors of the invention. The 
absorption length of alternate materials will vary 
depending upon the characteristics of the materials. For 
amorphous silicon, the absorption length LO varies from 
about 200 Angstroms to about 6000 Angstroms for 
wavelengths between 4000 Angstroms and 7000 Ang- 
stroms. 

[0051] The amount of light absorbed by the photo- 
sensor can be determined by the following relationship: 

Absorbed light= 1 0 (1-e- (x/U)) ) where l 0 is the 
amount of light of a given wavelength received by 
the photosensor, and x is the width of the l-layer. 

[0052] The plot of Figure 5 shows that the absorp- 
tion length LO for amorphous silicon is about 600 Ang- 
stroms for blue light having a wavelength of about 4500 
Angstroms. The amount of blue light absorbed by a pho- 
tosensor havina an l-layer width of 600 Angstroms is 
about l 0 (i- e - I1) ) or about 63% of the blue light 
received by the photosensor. The amount of red light 
having a wavelength of about 6500 Angstroms which is 
absorbed by the photosensor having an Mayer thick- 
ness of 600 Angstroms is about l 0 (1-e- ( 4000) ), 
which is a substantially smaller than the amount of blue 



light absorbed. 

[0053] An embodiment of the invention includes the 
thickness of the third l-layer of the third photosensor 
being between approximately 500 and 800 Angstroms. 

s This embodiment includes the third photosensor detect- 
ing blue light having a wavelength of about 4500 Ang- 
stroms. The light having wavelengths greater than that 
of blue light pass through the third photosensor sub- 
stantially undetected or absorbed. 

10 [0054] Another embodiment of the Invention 
Includes the thickness of the second l-layer of the sec- 
ond photosensor being between approximately 1200 
and 1800 Angstroms. This embodiment includes the 
second photosensor detecting green light having a 

15 wavelength of about 5500 Angstroms. The light having 
wavelengths greater than that of green light pass 
through the second photosensor substantially undetec- 
ted or absorbed. 

[0055] Another embodiment of the invention 
20 includes the thickness of the first l-layer of the first pho- 
tosensor being between approximately 2500 and 3500 
Angstroms. This embodiment Includes the second pho- 
tosensor detecting red light having a wavelength of 
about 6500 Angstroms. 
25 [0056] The thickness of the Mayer can be controlled 
by controlling the amount of l-layer material deposited 
during the formation of the photosensei^ 
[0057] It should be noted that the light detected by 
the photosensor does not have to be visible light. For 
30 example, any or all of the sensors can be configured to 
detect near infrared (IR) or ultraviolet (UV) light. 
[0058] Figures 6-8 are flow charts showing 
processing steps which can be used to fabricate the 
embodiments shown in Figure 2 and Figure 3. 
35 [0059] Figure 6 Is a flow chart which shows 
processing steps which can be used to form the embod- 
iment of the invention shown in Figure 2. 
[0060] A first step 605 Includes depositing a metal 
layer, a first electrode layer, a first l-layer and a first 
40 outer layer over an interconnection layer 210 which is 
formed over a substrate 200. The structure and meth- 
ods of forming the substrate 200 and the interconnec- 
tion layer 210 are well known in the field of electronic 
integrated circuit fabrication. 
45 [0061] The interconnection layer 210 is typically 
formed from a silicon oxide or a silicon nitride. The Inter- 
connection layer 210 includes conductive interconnects 
230, 250, 260, 270 which are formed using a chemical 
vapor deposition (CVD) process. Generally, the conduc- 
50 tive Interconnects 230, 250, 260, 270 are formed from 
tungsten because tungsten can fill high aspect ratio 
holes. 

[0062] The electrode layer can be implemented with 
an N-layer or a P-layer. Alternatively, the electrode layer 
55 can be titanium nitride, tungsten, titanium or other thin 
film conductors. 

[0063] The electrode layer is typically deposited 
using PECVD. The PECVD is performed with a phos- 
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phorous containing gas. The phosphorous containing 
gas can be PH 3 . The phosphorous containing gas can 
be PH 3 . A silicon containing gas, such as Si 2 H 6 or SiH 4 , 
is included when forming amorphous silicon electrode 
layer. 

[0064] The Mayer is generally deposited using a 
PECVD or reactive sputtering process. The PECVD 
must include a silicon containing gas. The deposition 
should be at a low enough temperature that hydrogen is 
retained within the film. 10 
[0065] The outer layer can also be deposited using 
PECVD. The PECVD is performed with a boron contain- 
ing gas. The boron containing gas can be BgHg. A sili- 
con containing gas is included when forming an 
amorphous silicon outer layer. ^ r5 

[0066] A second step 610 includes etching the 
deposited metal layer, the first electrode layer, the first I- 
iayer and the first outer layer to form the first photosen- * 
sor according to predetermined pattern. Typically, an 
array of active pixel sensors includes an array of first 20 
photosensors. Etching the layers forms the first pixel 
electrode 222, the first Mayer 224 and the outer layer 
226 of the first photosensor. 

[0067] A third step 61 5 includes depositing a dielec- 
tric such as an oxide, planarizing the oxide and etching 2s 
a via in the oxide to allow biasing of the first photosen- 
sor. The oxide Is typically deposited through a PECVD 
process. The oxide Is typically formed from SI0 2 . The 
oxide forms the insulating regions 280 between the first 
photosensor, the second photosensor and the third pho- 30 
tosensor. The via is etched where the first transparent 
conductor 240 electrically connects the first pixel elec- 
trode of the first photosensor to the substrate 200 
[0068] A fourth step 620 includes depositing the 
first transparent conductor layer 240. Generally, the first as 
transparent conductor 240 Is formed from an indium tin 
oxide. However, the first transparent conductor 240 can 
also be formed from titanium nitride, thin sillclde, or cer- 
tain types of conductive transition metal nitrides or 
oxides. 

40 

[0069] The first transparent conductor layer 240 Is 
generally deposited through reactive sputtering. How- 
ever, the first transparent conductor layer 240 can also 
be grown by evaporation. If the first transparent conduc- 
tor layer 240 Is formed from titanium nitride, then typi- 4s 
cally a CVD process or a sputtering process must be 
used to deposit the first transparent conductor layer 

[0070] A fifth step 625 includes depositing a second 
electrode layer, a second Mayer and a second outer so 
layer over the first transparent conductor layer 240. 
[0071] The second electrode layer can be imple- 
mented with an N-layer or a P-layer. Alternatively, the 
second electrode layer can be a conductive nitride, like 
titanium nitride. ' 
[0072] The second electrode layer is typically 
deposited using PECVD. The PECVD is performed with 
a phosphorous containing gas. The phosphorous con- 



taining gas can be PH 3 . The phosphorous containing 
gas can be PHg. A silicon containing gas, such as Si 2 H e 
or SiH 4 , is included when forming an amorphous silicon 
electrodes layer. 

[0073] The second Mayer is generally deposited 
using a PECVD or reactive sputtering process. The 
PECVD must include a silicon containing gas. The dep- 
osition should be at a low enough temperature that 
hydrogen is retained within the film. 
[0074] The second outer layer can also be depos- 
ited using PECVD. The PECVD Is performed with a 
boron containing gas. The boron containing gas can be 
Bj,H 6 . A silicon containing gas is included when forming 
an amorphous silicon outer layer. 
[0075] A sixth step 630 Includes etching the depos- 
ited second electrode layer, the second Mayer and the 
second outer layer to form the second photosensor 
according to predetermined pattern. Typically, an array 
of active pixel sensors includes an arTay of second pho- 
tosensors. Etching the layers forms the second pixel 
electrode 252. the second l-layer 254 and the second 
outer layer 256 of the second photosensor. 
[0076] A seventh step 635 includes depositing a 
dielectric such as an oxide, planarizing the oxide and 
etching a via in the oxide to allow biasing of the second 
photosensor. The oxide is typically deposited through a 
PECVD process. The oxide is typically formed from 
siCv,. The oxide forms the Insulating regions 280 
between the first photosensor, the second photosensor 
and the third photosensor. The via is etched where the 
second transparent conductor 258 electrically connects 
the second pixel electrode 252 of the second photosen- 
sor to the substrate 200. 

[0077] An eighth step 640 includes depositing the 
second transparent conductor layer 258. Generally, the 
second transparent conductor layer 258 is formed from 
an indium tin oxide. However, the second transparent 
conductor layer 258 can also be formed from titanium 
nltr.de, thin silicide, or certain types of transition metal 
nitrides or oxides. 

[0078] The second transparent conductor layer 258 
is generally deposited through reactive sputtering. How- 
ever, the second transparent conductor layer 258 can 
also be grown by evaporation. If the second transparent 
conductor layer 258 is formed from titanium nitride, then 
typically a CVD process or a sputtering process must be 
used to deposit the second transparent conductor layer 
258. 

[0079] A ninth step 645 includes depositing a third 
electrode layer, a third l-layer and a third outer layer over 
the second transparent conductor layer 258. 
[0080] The third electrode layer can be imple- 
mented with an N-layer or a P-layer. Alternatively, the 
third electrode layer can be a conductive nitride, like 
titanium nitride. 

[0081] The third electrode layer is typically depos- 
ited using PECVD. The PECVD is performed wfth a 
phosphorous containing gas. The phosphorous contaln- 
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lng gas can be PH 3 . The phosphorous containing gas 
can be PH3. A silicon containing gas, such as SfeHe or 
SlH* is included when forming an amorphous silicon 
electrode layer. 

[0082] The third Mayer is generally deposited using 
a PECVD or reactive sputtering process. The PECVD 
must include a silicon containing gas. The deposition 
should be at a low enough temperature that hydrogen is 
retained within the film. 

[0083] The third outer layer can also be deposited 
using PECVD. The PECVD Is performed with a boron 
containing gas. The boron containing gas can be BgHe. 
A silicon containing gas is Included when forming an 
amorphous silicon outer layer. 

[0084] A tenth step 660 includes etching the depos- 
ited third electrode layer, the third Mayer and the third 
outer layer to form the third photosensor according to 
predetermined pattern. Typically, an array of active pixel 
sensors includes an array of third photosensors. Etch- 
ing the layers forms the third pixel electrode 262, the 
third l-layer 264 and the third outer layer 266 of the third 
photosensor. 

[0085] An eleventh step 655 Includes depositing an 
oxide, planarizing the oxide and etching a via in the 
oxide to allow biasing of the third photosensor. The 
oxide Is typically deposited through a PECVD process. 
The oxide is typically formed from Si0 2 . The oxide 
forms the insulating regions 280 between the first pho- 
tosensor, the third photosensor and the third photosen- 
sor. The via is etched where the third transparent 
conductor 268 electrically connects the third pixel elec- 
trode 262 of the third photosensor to the substrate 200. 
[0086] A twelfth step 660 includes depositing the 
third transparent conductor layer 268. Generally, the 
third transparent conductor layer 268 is formed from an 
indium tin oxide. However, the third transparent conduc- 
tor layer 268 can also be formed from titanium nitride, 
thin slllcide, or certain types of transition metal nitrides 
or oxides. 

[0087] The third transparent conductor layer 268 Is 
generally deposited through reactive sputtering. How- 
ever, the third transparent conductor layer 268 can also 
be grown by evaporation. If the third transparent con- 
ductor layer 268 is formed from titanium nitride, then 
typically a CVD process or a sputtering process must be 
used to deposit the third transparent conductor layer 
268. 

[0088] Figure 7 is a flow chart which shows another 
set of processing steps which can be used to form the 
embodiment of the invention shown in Rgure 2. This 
method allows for penalization of the insulating oxide 
regions. 

[0089] A first step 705 includes depositing a metal 
layer, a first electrode layer, a first l-layer and a first 
outer layer over an interconnection layer 210 which is 
formed over a substrate 200. The structure and meth- 
ods of forming the substrate 200 and the interconnec- 
tion layer 210 are well known in the field of electronic 



integrated circuit fabrication. 

[0090] The Interconnection layer 210 is typically 
formed from a silicon oxide or a silicon nitride. The inter- 
connection layer 210 includes conductive interconnects 
5 230, 250, 260, 270 which are formed using a chemical 
vapor deposition (CVD) process. Generally, the conduc- 
tive interconnects 230, 250, 260, 270 are formed from 
tungsten because tungsten can fill high aspect ratio 
holes. 

10 [0091] The electrode layer can be Implemented with 
an N-layer or a P-layer. Alternatively, the electrode layer 
can be a conductive nitride, like, titanium nitride. 
[0092] The electrode layer is typically deposited 
using PECVD. The PECVD is performed with a phos- 

15 phorous containing gas. The phosphorous containing 
gas can be PH 3 . The phosphorous containing gas can 
be PH 3 . A silicon containing gas, such as SI 2 H 6 or SiH 4 , 
is Included when forming amorphous silicon electrode 
layer. 

20 [0093] The l-layer is generally deposited using a 
PECVD or reactive sputtering process. The PECVD 
must include a silicon containing gas. The deposition 
should be at a low enough temperature that hydrogen Is 
retained within the film. 
25 [0094] The outer layer can also be deposited using 
PECVD. The PECVD is performed with a boron contain- 
ing gas. The boron containing gas can be B 2 H 6 . A sili- 
con containing gas is included when forming an 
amorphous silicon outer layer. 
30 [0095] A second step 71 0 includes depositing a sil- 
icon nitride stop layer and etching the deposited metal 
layer, the first electrode layer, the first l-layer and the 
first outer layer to form the first photosensor according 
to a predetermined pattern. The silicon nitride stop layer 
35 is deposited because the silicon nitride stop layer pro- 
vides for better control of planarlzation, and protects 
electrically active layer underneath the silicon nitride 
stop layer. Typically, an array of active pixel sensors 
includes an array of first photosensors. Etchlngj the lay- 
40 ers forms the first pixel electrode 222, the first l-layer 
224 and the outer layer 226 of the first photosensor. 
[0096] A third step 715 Includes depositing on 
oxide, planarizing the oxide and stripping any residual 
silicon nitride stop layer. The oxide Is typically deposited 
45 through a PECVD process. The oxide Is typically formed 
from SIO z . The oxide forms the insulating regions 280 
between the first photosensor, the second photosensor 
and the third photosensor. After planarizing the oxide, 
residual silicon nitride stop layer may still reside over the 
50 formed pixels. The residual silicon nitride stop layer Is 
typically stripped by an H3PO4 wet solution. 
[0097] A fourth step 720 includes etching a via In 
the oxide to allow biasing of the first photosensor, and 
depositing the first transparent conductor layer 240. The 
55 via is etched where the first transparent conductor 240 
electrically connects the first pixel electrode 222 of the 
first photosensor to the substrate 200. Generally, the 
first transparent conductor 240 is formed from an indium 
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tin oxide. However, the first transparent conductor 240 
can also be formed from titanium nitride, thin silicide or 
certain types of transition metal nitrides or oxides. 
[0098J The first transparent conductor layer 240 is 
generally deposited through reactive sputtering. How- 
ever, the first transparent conductor layer 240 can also 
be grown by evaporation. If the first transparent conduc- 
tor layer 240 is formed from titanium nitride, then typi- 
cally a CVD process or a sputtering process must be 
used to deposit the first transparent conductor layer 

[0099] A fifth step 725 includes depositing a second 
electrode layer, a second Haver and a second outer 
layer over the first transparent conductor layer 240 
[0100] The second electrode layer can be Imple- 
mented with an N-layer or a P-layer. Alternatively, the 
second electrode layer can be a conductive nitride, like 
titanium nitride. 

[0101] The second electrode layer is typically 
deposited using PECVD. The PECVD is performed with 
a phosphorous containing gas. The phosphorous con- 
taining gas can be PH 3 . The phosphorous containing 
gas can be PH3. A silicon containing gas, such as SipH e 
or SIH 4 , is Included when forming an amorphous silicon 
electrodes layer. 

[0102] The second l-Iayer is generally deposited 

PECVD ° r reactive sparing process. The 
PECVD must Include a silicon containing gas. The dep- 
osftion should be at a low enough temperature that 
hydrogen is retained within the film. 
[0103] The second outer layer can also be depos- 
ited using PECVD. The PECVD is performed with a 
boron containing gas. The boron containing gas can be 
B 2 He. A silicon containing gas is included when forming 
an amorphous silicon outer layer. 
[0104] A sixth step 730 includes depositing an sill- 
con nitride stop layer and etching the deposited second 
electrode layer, the second l-layer and the second outer 
layer to form the second photosensor according to pre- 
determined pattern. The silicon nitride stop layer Is 
deposited because the silicon nitride stop layer provides 
for better control of planarizatJon, and protects electri- 
cally active layers beneath the silicon nitride stop layer. 
Typically, an array of active pixel sensors includes an 
array of second photosensors. Etching the layers forms 
the second pixel electrode 252. the second l-layer 254 
and the second outer layer 256 of the second photosen- 
son 

[0105] A seventh step 735 includes depositing a 
d electric such as an oxide, planarteing the oxide and 
stripping any residual silicon nitride stop layer The 
oxide is typicaJly deposited through a PECVD process 
The oxide is typically formed from Si0 2 . The oxide 
forms the insulating regions 280 between the first pho- 
tosensor, the second photosensor and the third photo- 
sensor. After planarizing the oxide, residual silicon 
nrtnde stop layer may still reside over the formed pixels 
The residual silicon nitride stop layer Is typically stripped 
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by an H 3 P0 4 wet solution. 

[0106] An eighth step 740 includes etching a via in 
the oxide to allow biasing of the second photosensor 
_ *™ d if ositin 9 the second transparent conductor layer 
5 258 The via is etched where the second transparent 
conductor 258 electrically connects the second pixel 
electrode 252 of the second photosensor to the sub- 
strate 200. General ly, the second transparent conductor 
layer 258 is formed from an indium tin oxide. However 
10 the second transparent conductor layer 258 can also be 
formed from titanium nitride, thin silicide, or certain 
types of transition metal nitrides or oxides. 
[01 07] The second transparent conductor layer 258 
is generally deposited through reactive sputtering How- 
15 ever, the second transparent conductor layer 258 can 
also be grown by evaporation. If the second transparent 
conductor layer 258 is formed from titanium nitride, then 
typically a CVD process or a sputtering process must be 
used to deposit the second transparent conductor layer 
20 258. 

[01O8] A ninth step 745 Includes depositing a third 
electrode layer, a third l-layer and a third outer layer over 
the second transparent conductor layer 258 
[0109] The third electrode layer can* be imple- 
25 merited with an N-layer or a P-layer. Alternatively, the 
third electrode layer can be a conductive nitride, like, 
titanium nitride. 

[0110] The third electrode layer is typically depos- 
tod using PECVD. The PECVD is performed with a 
so phosphorous containing gas. The phosphorous contain- 
ing gas can be PH* The phosphorous containing gas 
can be PH 3 A silicon containing gas. such as Si 2 H e or 
SIH 4 . is included when forming an amorphous silicon 
electrode layer. 

35 ?IL!L« 1716 mM Wayer is 9 en erally deposited using 
a PECVD or reactive sputtering process. The PECVD 
must include a silicon containing gas. The deposition 
should be at a low enough temperature that hydrogen Is 
retained within the film. 
40 l °V 2 * 7,16 third outer layer can also be deposited 
using PECVD. The PECVD is performed with a boron 
containing gas. The boron containing gas can be B,H fi 
A silicon containing gas is Included when forming an 
amorphous silicon outer layer. 
^5 [01 1 3] A tenth step 750 includes depositing an sill- 
con nltnde stop layer and etching the deposited third 
electrode layer, the third l-layer and the third outer layer 
to form the third photosensor according to predeter- 
mined pattern. The silicon nitride stop layer is deposited 
50 because the silicon nitride stop layer provides for better 
control of planarization, and protects electrically active 
layers beneath the silicon nitride stop layer. Typically, an 
array of active pixel sensors includes an array of third 

« !, i° S ! nS o re - EtChing the ,a y ere fomis the third pixel 
55 electrode 262, the third l-layer 264 and the third outer 
layer 266 of the third photosensor. 
[0114] An eleventh step 755 includes depositing a 
dielectric such as an oxide, planarizing the oxide and 
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stripping any residual silicon nitride stop layer. The 
oxide is typically deposited through a PECVD process. 
The oxide Is typically formed from Si0 2 . The oxide 
forms the insulating regions 280 between the first pho- 
tosensor, the third photosensor and the third photosen- . 
sor. After planarizing the oxide, residual silicon nitride 
stop layer may still reside over the formed pixels. The 
residual silicon nitride stop layer is typically stripped by 
an H3PO4 wet solution. 

[0115] A twelfth step 760 includes etching a via In 
the oxide to allow biasing of the third photosensor, and 
depositing the third transparent conductor layer 268. 
The via is etched where the third transparent conductor 
26B electrically connects the third pixel electrode 262 of 
the third photosensor to the substrate 200. Generally, 
the third transparent conductor layer 268 is formed from 
an indium tin oxide. However, the third transparent con- 
ductor layer 268 can also be formed from titanium 
nitride, thin siliclde, or certain types of transition metal 
nitrides or oxides. 

[011 6] The third transparent conductor layer 268 is 
generally deposited through reactive sputtering. How- 
ever, the third transparent conductor layer 268 can also 
be grown by evaporation. If the third transparent con- 
ductor layer 268 Is formed from titanium nitride, then 
typically a CVD process or a sputtering process must be 
used to deposit the third transparent conductor layer 
268. 

[01 1 7] The silicon nitride stop layer of the third step 
715, the sixth step 730, and the tenth step 750, can be 
replaced by any material which provides the required 
etching selectivity of the isolation dielectric, and can be 
stripped by a method that is selective relative to the die- 
lectric and the photosensor films. 
[0118] Figure 8 Is a flow chart which shows 
processing steps which can be used to form the embod- 
iment of the invention shown in Figure 3. 
[0119] A first step 805 Includes depositing a metal 
layer, a first electrode layer and a first l-layer over an 
interconnection layer 210 which is formed over a sub- 
strate 200. The structure and methods of forming the 
substrate 200 and the interconnection layer 210 are well 
known in the field of electronic integrated circuit fabrica- 
tion. 

[0120] The interconnection layer 210 is typically 
formed from a silicon oxide or a silicon nitride. The Inter- 
connection layer 21 0 Includes conductive Interconnects 
230, 250, 260, 270 which are formed using a chemical 
vapor deposition (CVD) process. Generally, the conduc- 
tive interconnects 230, 250, 260, 270 are formed from 
tungsten because tungsten can fill high aspect ratio 
holes. 

[0121 ] The electrode layer can be implemented with 
an N-layer or a P-layer. Alternatively, the electrode layer 
can be titanium nitride, tungsten, titanium or other thin 
film conductors. 

[0122] The electrode layer Is typically deposited 
using PECVD. The PECVD is performed with a phos- 



phorous containing gas. The phosphorous containing 
gas can be PH 3 . The phosphorous containing gas can 
be PH 3 . A silicon containing gas, such as Sl 2 H 6 or SiH 4 , 
is included when forming amorphous silicon electrode 
5 layer. 

[0123] The l-layer Is generally deposited using a 
PECVD or reactive sputtering process. The PECVD 
must Include a silicon containing gas. The deposition 
should be at a low enough temperature that hydrogen is 
10 retained within the film. 

[0124] A second step 810 includes etching the 
deposited metal layer, the first electrode layer and the 
first l-layer to form the first photosensor according to 
predetermined pattern. Typically, an array of active pixel 
15 sensors includes an array of first photosensors. Etching 
the layers forms the first pixel electrode 222 and the first 
l-layer 224 of the first photosensor. 
[0125] A third step 815 includes depositing on 
oxide, planarizing the oxide and etching a via in the 
20 oxide to allow biasing of the first photosensor. The oxide 
Is typically deposited through a PECVD process. The 
oxide is typically formed from SiO z . The oxide forms the 
insulating regions 280 between the first photosensor, 
the second photosensor and the third photosensor. The 
25 via Is etched where the first transparent conductor 240 
electrically connects the first pixel electrode 222 of the 
first photosensor to the substrate 200. 
[0126] A fourth step 820 includes depositing a first 
outer layer and the first transparent conductor layer 240. 
30 The outer layer can be deposited using PECVD. The 
PECVD is performed with a boron containing gas. The 
boron containing gas can be B 2 H 6 . A silicon containing 
gas Is Included when forming an amorphous silicon 
outer layer. Generally, the first transparent conductor 
35 240 Is formed from an Indium tin oxide. However, the 
first transparent conductor 240 can also be formed from 
titanium nitride, thin siliclde, or certain types of transition 
metal nitrides or oxides. 

[0127] The first transparent conductor layer 240 is 
40 generally deposited through reactive sputtering. How- 
ever, the first transparent conductor layer 240 can also 
be grown by evaporation. If the first transparent conduc- 
tor layer 240 is formed from, titanium nitride, then typi- 
cally a CVD process or a sputtering process must be 
45 used to deposit the first transparent conductor layer 
240. 

[01 28] A fifth step 825 Includes depositing a second 
electrode layer and a second l-layer over the first trans- 
parent conductor layer 240. 
50 [0129] The second electrode layer can be Imple- 
mented with an N-layer or a P-layer. Alternatively, the 
second electrode layer can be a conductive nitride, like, 
titanium nitride. 

[0130] The second electrode layer Is typically 
55 deposited using PECVD. The PECVD is performed with 
a phosphorous containing gas. The phosphorous con- 
taining gas can be PH3. The phosphorous containing 
gas can be PH 3 . A silicon containing gas, such as Sl 2 He 
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or SIH 4> is included when forming an amorphous silicon 
electrodes layer. 

[0131] The second Mayer Is generally deposited 
using a PECVD or reactive sputtering process. The 
PECVD must include a silicon containing gas. The dep- 
osition should be at a low enough temperature that 
hydrogen is retained within the film. 
£01 32] A sixth step 830 includes etching the depos- 
ited second electrode layer and the second Mayer to 
form the second photosensor according to predeter- 
mined pattern. Typically, an array of active pixel sensors 
includes an array of second photosensors. Etching the 
layers forms the second pixel electrode 252, the second 
Mayer 254 and the second outer layer 256 of the sec- 
ond photosensor. 

[0133] a seventh step 835 includes depositing on 
oxide, planarlzing the oxide and etching a via in the 
oxide to allow biasing of the second photosensor The 
ox.de is typically deposited through a PECVD process 
The oxide is typically formed from S10 2 . The oxide 
forms the Insulating regions 280 between the first pho- 
tosensor, the second photosensor and the third photo- 
sensor. The via Is etched where the second transparent 
conductor 258 electrically connects the second pixel 
electrode 252 of the second photosensor to the sub- 
strate 200. 

[0134] An eighth step 840 includes depositing a 
second outer layer and the second transparent conduc- 
tor layer 258. The second outer layer can be deposited 
using PECVD. The PECVD is performed with a boron 
containing gas. The boron containing gas can be B 2 H 6 
A silicon containing gas is Included when forming an 
amorphous silicon outer layer. Generally, the second 
transparent conductor layer 258 is formed from an 
Indium tin oxide. However, the second transparent con- 
ductor layer 258 can also be formed from titanium 
nitride, thin silicide, or certain types of transition metal 
nitrides or oxides. 

[01 35] The second transparent conductor layer 258 
Is generally deposited through reactive sputtering. How- 
ever, the second transparent conductor layer 258 can 
also be grown by evaporation. If the second transparent 
conductor layer 258 is formed from titanium nitride, then 
typically a CVD process or a sputtering process must be 
used to deposit the second transparent conductor layer 
258. 

[0136] A ninth step 845 includes depositing a third 
electrode layer and a third Mayer over the second trans- 
parent conductor layer 258. 

[0137] The third electrode layer can be imple- 
mented with an N-layer or a P-layer. Alternatively, the 
third electrode layer can be a conductive nitride like 
titanium nitride. 

[0138] The third electrode layer is typically depos- 
ited using PECVD. The PECVD is performed with a 
phosphorous containing gas. The phosphorous contain- 
ing gas can be PH 3 . The phosphorous containing gas 
can be PH 3 . A silicon containing gas, such as SfeHg or 



SIH 4 , is included when forming an amorphous silicon 
electrode layer. 

[0139] The third Mayer is generally deposited using 
a PECVD or reactive sputtering process. The PECVD 
s must include a silicon containing gas. The deposition 
should be at a low enough temperature that hydrogen is 
retained within the film. 

[0140] The third outer layer can also be deposited 
using PECVD. The PECVD is performed with a boron 
10 containing gas. The boron containing gas can be B 2 H B 
A silicon containing gas Is Included when forming an 
amorphous silicon outer layer. 

[01 41 ] A tenth step 850 includes etching the depos- 
ited third electrode layer and the third Mayer to form the 
is third photosensor according to predetermined pattern 
Typically, an array of active pixel sensors includes an 
array of third photosensors. Etching the layers forms the 
third pixel electrode 262 and the thirci Mayer 264 of the 
third photosensor. 

[0142] An eleventh step 855 includes depositing an 
oxide, planarizing the oxide and etching a via In the 
oxide to allow biasing of the third photosensor. The 
oxide is typically deposited through a PECVD process 
The oxide Is typically formed from SI0 2 . The oxide 
2s forms the insulating regions 280 between the first pho- 
tosensor, the third photosensor and the third photosen- 
sor. The via is etched where the third transparent 
conductor 268 electrically connects the third pixel elec- 
trode 262 of the third photosensor to the substrate 200 
30 [0143] A twelfth step 860 Includes depositing a third 
outer layer and the third transparent conductor layer 

nSw^t^l outer la y er 080 be deposited using 
PECVD The PECVD is performed with a boron contain- 
ing gas. The boron containing gas can be BoH 6 . A slli- 
35 con containing gas is Included when forming an 
amorphous silicon outer layer. Generally, the third trans- 
parent conductor layer 268 is formed from an Indium tin 
oxide. However, the third transparent conductor layer 
268 can also be formed from titanium nitride, thin sili- 
« ade, or certain types of transition metal nitrides or 
oxides. 

[P144] The third transparent conductor layer 268 is 
generally deposited through reactive sputtering. How- 
ever, the third transparent conductor leyer 268 can also 
45 be grown by evaporation. If the third transparent con- 
ductor layer 268 is formed from titanium nitride, then 
typically a CVD process or a sputtering process must be 
used to deposit the third transparent conductor layer 
268. 

so [0145] The embodiment of Figure 4 can generally 
be formed by the processing steps of the flow charts of 
Figures 6-9. However, the deposition of each conduc- 
tive layer includes the deposition of a conductive layer 
an insulating layer and another conductive layer. 
[0146] Although specific embodiments of the Inven- 
tion have been described and illustrated, the invention is 
not to be limited to the specific forms or arrangements of 
parts so described and illustrated. The invention is lim- 
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ited only by the claims. 



Claims 

1 . A multiple-photosensor structure comprising: 
a substrate [200]; 

a first photosensor adjacent to the substrate, a 
first pixel electrode [222] of the first photosen- 
sor electrically connected to the substrate 
[200]; 

a first transparent conductive layer [240] adja- 
cent to the first photosensor, the first transpar- 
ent conductive layer [240] electrically 
connecting a first outer electrode of the first 
photosensor to the substrate [200]; 
a second photosensor adjacent to the first 
transparent conductive layer [240], a second 
pixel electrode [252] of the second photosen- 
sor electrically connected to the substrate [200] 
through the first transparent conductive layer 
[240]; and 

a second transparent conductive layer [258] 
adjacent to the second photosensor, the sec- 
ond transparent conductive layer [258] electri- 
cally connecting a second outer electrode of 
the second photosensor to the substrate [200]. 

2. The multiple-photosensor structure of claim 1, fur- 
ther comprising: 

a third photosensor adjacent to the second 
transparent conductive layer [258], a third pixel 
electrode of the third photosensor electrically 
connected to the substrate [200] through the 
second transparent conductive layer [258]; and 
a third transparent conductive layer [268] adja- 
cent to the third photosensor, the third trans- 
parent conductive layer [268] electrically 
connecting a third outer electrode of the third 
photosensor to the substrate [200]. 
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3. The multiple-photosensor structure of claim 1, 
wherein the first photosensor detects a first range 

of wavelengths of light. 45 

4. The multiple-photosensor structure of daim 1, 
wherein the second photosensor detects a second 
range of wavelengths of light. 

5. The multiple-photosensor structure of claim 2 t 
wherein the third photosensor detects a third range 
of wavelengths of light. 

6. The multiple-photosensor structure as recited in 
claim 1, wherein the first transparent conductive 
layer [240] comprises an inner first transparent con- 
ductive layer [430] and an outer first transparent 



conductive layer [442] and a first Insulating layer 
[434] located between the inner first transparent 
conductive layer [430] and the outer first transpar- 
ent conductive layer [442], the inner first transpar- 
ent conductive layer [430] electrically connecting 
the first outer electrode of the first photosensor to 
the substrate [200], the outer first transparent con- 
ductive layer [442] electrically connecting the sec- 
ond pixel electrode of the second photosensor to 
the substrate [200]. 

7. The multiple-photosensor structure as recited in 
daim 2, wherein the second transparent conductive 
layer comprises an inner second transparent con- 
ductive layer [450] and an outer second transparent 
conductive layer [462] and a second insulating layer 
[454] located between the Inner second transparent 
conductive layer [450] and the outer second trans- 
parent conductive layer [462], the inner second 
transparent conductive layer [450] electrically con- 
necting the second outer electrode of the second 
photosensor to the substrate [200], the outer sec- 
ond transparent conductive layer [462] electrically 
connecting the third pixel electrode of the third pho- 
tosensor to the substrate [200], 

8. The multiple-photosensor structure as recited in 
claim 1, wherein the first transparent conductive 
layer [240] comprises an inner surface electrically 
connected to the first outer electrode of the first 
photosensor and the substrate [200]. 

9. The multiple-photosensor structure as recited in 
daim 8, wherein a conductive plug electrically con- 
nects the Inner surface of the first transparent con- 
ductive layer [240] to the substrate [200]. 

10. The multiple-photosensor structure as recited In 
daim 1 , wherein the second transparent conductive 
layer comprises an inner surface electrically con- 
nected to the second outer electrode of the second 
photosensor and the substrate. 
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Figure 1 (prior art) 
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(57) A multiple-photosensor structure. The multiple- 
photosensor structure includes a substrate [200]. A first 
photosensor is formed adjacent to the substrate [200]. 
A first pixel electrode of the first photosensor is electri- 
cally connected to the substrate [200]. A first transparent 
conductivelayer[240]isformedadjacentto the first pho- 
tosensor. The first transparent conductive layer [240] 
electrically connects a first outer electrode of the first 
photosensor to the substrate [200]. A second photosen- 
sor is adjacent to the first transparent conductive layer 
[240]. A second pixel electrode of the second photosen- 
sor is electrically connected to the substrate through the 
first transparent conductive layer [240]. A second trans- 



parent conductive layer [258] is adjacent to the second 
photosensor. The second transparent conductive layer 
[258] electrically connects a second outer electrode of 
the second photosensor to the substrate [200]. The mul- 
tiple-photosensor structure can further include a third 
photosensorformed adjacent to the second transparent 
conductive layer [258]. A third pixel electrode of thethird 
photosensor is electrically connected to the substrate 
[200] through the second transparent conductive layer 
[258]. A third transparent conductive layer [268] is 
formed adjacent to the third photosensor. The third 
transparent conductive layer [268] electrically connects 
a third outer electrode of the third photosensor to the 
substrate [200]. 
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